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IN ' BRAIN ' for January, 1887, I published a series of nine
cases of injury to the cervical region of the spinal cord,
observed during the previous eighteen months in the
Manchester Royal Infirmary, and was able to draw
therefrom certain conclusions, which would appear to be of
interest from the points of view both of physiology and of
pathology. Since then I have had a further series of ten
cases, which enable me to confirm and to extend the results
then arrived at, and which I now bring forward as illus-
trating more especially the arrangement of the various nuclei
situated in the brachial enlargement of the spinal cord. I
have again to thank the Infirmary staff for permission to use
these cases. They consist of seven fatal instances of fracture-
dislocation, one of dislocation, which was cured by early
reduction, and two of haemorrhage into the spinal cord. My
primary object in watching and recording them having been
to ascertain more accurately than has hitherto been done
the distribution of the paralysis resulting from injuries at
different levels of the cord, I have arranged the first seven
(fatal) cases in anatomical order, followed by the three others
in which the seat of the lesion was inferential only, and have
especially dwelt upon the exact distribution of the paralysis,
but I have also referred to numerous other points of interest
which they present. Further, this paper must be considered
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as a continuation of the one above spoken of, to which
frequent reference will be made.

Going back then at the outset to the above-mentioned
paper, I would recapitulate some of the results then arrived
at. I presented the following cases:—1 (pp. 515 and 516).
Two cases of fracture-dislocation between the fourth and
fifth cervical vertebrae, in which all the muscles of the upper
limbs, with the doubtful exception of the supra- and infra-
spinati, were paralysed. 2. (p. 511). A case of fracture-
dislocation between the fifth and sixth cervical vertebrae, in
which all the muscles of the upper limbs were paralysed
except the deltoid, biceps, brachicdis cmticus, and supinator longus

Fio. 1.—Position occupied by the limbs in a case of complete transverse des-
truction of the spinal cord immediately below the level of origin of the fifth
cervical nerves.

and again doubtfully the supra- and infra-spinati, and in
which the patient's arms consequently persistently main-
tained the position indicated by the photograph of which an
engraving is here reproduced. And 3. Two cases (pp. 518 and
520) of fracture-dislocation between the fourth and fifth
cervical and fifth and sixth cervical vertebrae respectively, in
which, owing to the obliquity of the crush of the spinal cord,
the fifth cervical nerve-root escaped on the right side only in
the one case and on the left side only in the other, the result
being that in the former the deltoid, biceps, brachialis anticus,
and supinator longus escaped being paralysed on the right side,
and in the latter they escaped on the left side only; the limb
thus partially spared presenting in both instances a position
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similar to that of Fig. 1, whereas the opposite limb, whose fifth
cervical root was involved in the lesion, was entirely flaccid.

Hence it was proved that, in injuries involving the cord
below the fifth cervical nerve-root, we find the upper limb
presenting a condition which is the exact antithesis of " Erb's
paralysis " of the adult, or Duchenne's " obstetrical paralysis "
as seen in the infant, and that consequently the limb occupies
in such cases a position of abduction at the shoulder, with
flexion of the elbow and supination of the wrist. It was
further concluded, for reasons to which it is unnecessary again
to refer, that the fourth cervical nerve innervates the supra-
and infra-spinati muscles. These conclusions the present paper
will be found to confirm, but we shall now also be able to
trace the arrangement in the brachial enlargement of a
number of the other spinal centres for the various muscles of
the upper limb. In endeavouring to work out this matter I
have entirely ignored the results as to localisation previously
arrived at by other methods, and have confined myself entirely
to the evidence yielded by my own cases, the more so as
the conclusions are consistent with the majority of previous
observations.

Before proceeding to give the evidence, I shall now
tabulate provisionally what I am so far led to believe to be
the arrangement, from above downwards in the cord, of the
muscle nuclei, as follows:—

Supra-spinatus and infra-spinatos \ ... „,_. « _.__„
Teres minor (?) / oemcai nerve.

/Biceps
\Brncnialis anticusl

Deltoid 5th cervical nerve.
/Supinator longus
\Supinator brevis (?)
Subscapnlaris
Pronators
Teres major
Latissimus dor î 6th cervical nerve.
Pectoralis major

/Triceps
\Serratus maguus
Extensors of the wrist 7th cervical nerve.
Flexors of the wrist 8th cervical nerve.

Othe'rfntrinsic muscles of the hand } l e t d o r s a l n e r v e-

1 I have not identified the brachialis antiens, but from Erb's researches and
others, assume it to be in close connection with the biceps.
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The various cases which follow will, I believe, substantiate
the above arrangement.

CASE 1.—A man aged 35 was admitted iinder Mr. Heath's care
on June 18, 1887. Ho had tho night before admission fallen
down about ten steps on to his head, as evidenced by bruises on
the left sido of tho cranium. As the man died in a few hours, I
was obliged to obtain my information from Mr. Thompson, the
house surgeon.

At the back of the nock was a large amount of effused blood, but
tho spines of the vertebras were distinctly felt, that of the sixth
cervical being apparently displaced slightly to the right. Tho
head itself was not twisted, and could be turned from side to side,
nor did the neck appear abnormally flexed or extended. There
was only slight pain in the back of the neck.

The lower limbs and trunk were completely paralysed; the arms
were held rigid with the elbows abducted, and the hands lying on
tho epigastrium extended and prone. Anaesthesia was complete
below a point about two inches above the nipples, being also
complete over the shoulders and in the upper limbs. The pupils
were reduced to fine points, but the size of the palpebral fissures was
not noted. Beflexes were not observed. The urine .was retained,
and the penis turgid.

As the man was being placed in bod respiration became slow
and gasping, with distinct action of the scaleni and sterno-
mastoids; the patient grow cyanotic and respiration then stopped,
the pulse ceasing about half a minute later. There was no post-
mortem examination.

The above case does not carry us very far, but it is clear
from the facts adduced, and especially from the anaesthesia
affecting the whole surface of the upper limbs, that almost the
entire brachial region was affected. With the exception of
the abduction of the shoulders and flexion of the elbows, the
arms we're in the position of rest, resulting from complete
paralysis. Hence then the biceps and deltoid had escaped, but
the supinators and all muscles mentioned below them in our
table were paralysed ; that is to say, the haemorrhage resulting
from the crush of the cord had extended partially into the
territory of the fifth root, destroying the centre, at' its lower
part, for the supinator, but sparing the biceps and deltoid
above.
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CASE 2.—A. B., aged 23, was admitted to the Manchester
Infirmary under the care of Mr. Jones on April 7, 1888. He was
playing football, and, while stooping forwards with his head thrown
up in order to " tackle " an opponent, came into violent collision,
his head being jerked backwards. He was immediately paralysed.

On admission the spine of the seventli cervical vertebra was felt
to be distinctly depressed, but with little or no lateral displace-
ment. There was a good deal of swelling about the back of the
neck, and the patient complained of great paiu. The lower limbs
and trunk were completely paralysed, respiration being diaphrag-
matic. In the upper limbs the only muscles not paralysed were
the flexors of the elbow. They at first lay extended and close
to the body, but the patient bent the elbows so as to bring the
hand up to the shoulder when told to try to move them. The
pupils were slightly contracted.

An attempt was at once made to reduce the dislocation by exten-
sion, followed by flexion of the neck, and a distinct jerking was
felt by the assistants who were steadying the neck. The patient ex-
pressed hioibelf as feeling his pain relieved, but no other change was
produced. Later on another attempt at reduction was made with
chloroform, but with equally little success. The patient was now
put to bed, the head being steadied by pillows and sandbags. At
this time the temperature was below 95° and the skin felt cold ;
the pulse was strong and regular; the penis was turgid, the urino
retained.

About 4 A.M. on the following day, the temperature began to
rise rapidly; the skin was hot, flushed, and perspiring; and the
patient became delirious. At 6 A.M. the temperature was 10Go-G,
at 8 A.M. 108°, and at 9.30 110°, at which tiiuo ho died comatose.

There was no post-mortem examination. For notes of the above
I am indebted to Mr. Stocks, the house surgeon.

This case is also somewhat unsatisfactory, as the accident
happened on Saturday night, and the man died on the Sunday
morning, so that it was not very fully observed. It indicates
sufficiently the high position of the nucleus for the flexors of
the elbow, and shows that the deltoid and supinators, also
supplied by the fifth root, were paralysed. Thus, then, we are
led to place the deltoid nucleus below that of the flexors of the
elbow, a conclusion confirmed by a case mentioned in my
previous paper, where at first the entire fifth root was spared,
but where, as myelitis extended upwards, " the contraction of
the deltoid muscles, which had maintained the abducted
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position of the arms, ceased, and the elbows fell to the sides,
the elbow-joints themselves remaining flexed." * These two
cases, then, compared with the cases referred to in the previous
paper, carry us so far as to assign the order—

/Biceps.
iBracliialia anticus.
Deltoid.
Supinator longua.

CASE 3.—J. C , a labourer, aged 38, was admitted to tho
Manchester Eoyal Infirmary under the care of Mr. Bardie on
October 25, 1887. On the afternoon of this day he had fallen
from a waggon for a distance of about six feet, striking the back
of his shoulders and head. He was immediately paralysod, but
did not lose consciousness.

I did not see him until the following day, but am informed by
the house surgeon that his condition on admission was the same
as when he came under observation.

On Oct. 26 he had pain across the shoulders, shooting down tho
arms to the elbows, but no tenderness of the spine or pain on
pressing down the head. There was some arching backwards of
the cervical vertebrae, but no lateral deviation and no obvious
deformity of the epinous processes.

The lower limbs were absolutely paralysed, as were the abdomen
and thorax, respiration being diaphragmatic, jerky, 18 per minute,
with subjective sense of dyspnoea and cough. The left upper limb
was abducted at the shoulder, with the elbow flexed and the hand
across the chest, the right being completely flaccid. On the left
side he had the power of voluntary contraction of the biceps,
tmpinator longus, and deltoid, but not of the other limb muscles,
whereas on the right side all the muscles were paralysod. On
both sides the pectorals and latissimi were paralysed, but on the
left side the supra-spinatus and infra-spinatus could be made to
contract, whereas on the right they could not. Hence of the in-
trinsic and extrinsic muscles of the upper limb all were paralysed
on the right side, but the spinati, deltoid, biceps, and supinator
longus had escaped on the left, giving the limb the above-described
characteristic position. The neck muscles were normal on both
sides. Both palpebral fissures and pupils were smaller than usual,
but not so markedly as in many cases.

Anaesthesia extended as high as the third rib in front and tho
1 As the above is passing through tho press, I havo seen another caso in

which ascending traumatic myelitis caused paralysis of the deltoid before that
of the biceps, a condition, 1 admit, at iirnt couaideied improbable.



INDICATED BY SPINAL INJURIES. 295

sixth cervical spine behind, but on the right side he retained
sensation over the region of the deltoid and slightly beyond it,
and on the left side it extended over the area of the deltoid and
thence down the outer side of the limb to about the root of the
thumb, becoming, however, very vague at the lower part. The
anaesthetic boundary was not very sharply marked, and he had no
hyperaesthesia.

The knee-jerk and plantar, cremasteric, gluteal, and epigastric
reflexes, were absent. The skin felt dry and warm, although the
temperature was nonnal. Urine was retained. The penis was
turgid, but less so than on the previous day. Pulse 66, feeble,
and with a very marked respiratory wave, being full and soft
towards the end of inspiration and very small towards the end of
expiration.

The man's condition being clearly otherwise hopeless, Mr. Hardie
determined, after consultation with several of his colleagues, to
"trephine" the spine, which was done at 4.20 P.M. on the
afternoon of this day, about twenty-four hours after the injury.
For the subsequent notes, I am indebted to Mr. Bannister.
Chloroform having been administered, a vertical incision about
four inches long was made over the cervical spines, having its
centre opposite to the fifth. The muscles being cleared from the
laminae, an interval of about a quarter of an inch was found
between the fifth and sixth spines, and the fifth vertebra appeared
to be slightly displaced forwards. The laminas of the fifth and
sixth were now removed by bone forceps, when the dura mater was
exposed, presenting a perfectly normal appearance without any
trace of hasmorrhage. As nothing further could be done, the dura
was not opened, but the muscles were brought together by deep
catgut sutures, a large drainage tube inserted, and the wound
closed over a smaller superficial drain. The carbolic spray was
used throughout, and wood wool pads used as a dressing. After
the operation brandy was given at frequent intervals.

At 6 P.M. the pulse was 54 and feeble; temperature 96°; respira-
tions 13, and still purely abdominal. At 10 P.M. puke 74; tem-
perature 98°-6, respirations 16. The patient passed a fairly good
night, but in the morning the temperature was 103° • 4. About
3.20 P.M. on the afternoon of the 27th he became suddenly much
worse; the respirations became very feeble and then stopped, the
abdomen being uniformly distended; the heart-beats, which were
very feeble and infrequent, continued for about ten minutes after .
respiration had ceased, but stopped at 3.35. At 3.40 the temperature
in the mouth was 104°, and the body, which had previously felt
very hot, was already noticed to be beginning to cool.
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The post-mortem examination was made by Dr. Harris. Tho
disc between the fifth and sixth cervical vertebrae was found to bo
ruptured, the former bone projecting very slightly forwards. No
fracture was discovered. The dura mater was uninjured, but
the cord was flattened opposite the seat of injury, and was
much contused for about an inch above and below, containing
hasmorrhages in its substance and in the central canal; elsewhere
its structure was normal. The first and second bones of the
6ternum were also partially separated, and the lungs much con-
gested.

This is another case similar to those already mentioned, in
which the cord was crushed just above the sixth cervical root,
but on the right side the fifth root was also affected. Unfor-
tunately, I was unable to be present at the post-mortem, and the
exact pathological cause of this obliquity was not noted, but
doubtless the haemorrhage which occurred in the substance of
tho cord extended somewhat higher on the right side. The
case merely confirms our previous conclusions.

CASE 4.—J. E. C, aged 33, was admitted into Mr. Heath's
wards on March 25, 1887, at 2.30 P.M. He had shortly before
been " larking " with some friends, and had another man seated
upon his shoulders, when he was pushed backwards in the face
against a high counter. The result was that liis neck was twisted
backwards, the man falling from his shoulders. For the first
few minutes he only noticed pain in the back of the neck, but
then his legs began to feel weak and he lay down: within ten
minutes the lower limbs were completely paralysed and insonsitivo,
and he found that he could not straighten the left fore-arm.

When admitted, there was paralysis of the lower limbs, and tho
loft upper limb was only partially movable, being flexed at the
elbow and somewhat abducted at the shoulder. The right limb
appeared to retain more power. The temperature at 4 r.M. was
94°-2, at 8 r.M. 97°-6, at midnight 99°-2, near wbich point it
remained for some days. He was placed on a water bed and the
urine withdrawn by the catheter.

On the following morning he complained of pain in the back of
the neck, but thoro was no local deformity, and no pain on pressing
.down the head. Tho lower limbs were absolutely paralysed, as
wero tho abdominal and thoracic muscles, respiration being
diaphragmatic.

Tho loft uppur limb lay with the fingers flexed, the wrist
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straight, hand prone, elbow flexed, and the humerus abducted to
an angle of about 45° with the body : he often raised the humerus
above the shoulder, otherwise retaining the same positions, but
with the wfist becoming semi-prone. He could not extend tho
elbow nor flex nor extend the fingers, but on attempting to flex
the fingers there was slight extension of the wrist; he had also
slight power of flexion and extension of the wrist, but this
movement was extremely limited: pronation and supination
were fairly good: the pectoralis major, latissimus dorsi, and
apparently the subscapularis contracted very feebly ; the deltoid,
biceps, and supinator longus were but little if at all impaired.

On the right side the condition was practically the same, except
that there was rather more power in the wrist. On taking a
deep breath, the sterno-mastoids, trapezii, and levatores angulorum
scapularum contracted very distinctly.

As regards sensation, there was " a feeling of heat" in the left
palm and fore-arm. Anaesthesia was nowhere absolute, but was
almost so below the third ribs, and in the upper limbs internally to
a line running down the centre of the arms and fore-arms to the
styloid processes of the ulna, both before and behind. Below
these limits there was absolute analgesia, but a vague sensation
was conveyed by tickling. The limit was very ill-defined, and
above it was an indistinct hyperaesthetic zone.

There were no superficial reflexes nor tendon reactions.
Urine was retained, and had to be drawn off by the catheter : its

sp. gr. was 1024; it was neutral, and contained neither sugar,
albumin, nor any deposit. The bowels had not been moved since
admission. The respirations were at the rate of 19 per min., with
no sense of dyspnoea, but slight cyanosis. Pulse 69, full and
soft. Skin dry and warm. The penis was turgid. Both palpebral
fissures and pupils were small, and there was no dilatation of the
pupils on pinching the neck.

Two days later, the paralysis of the upper limbs was of equal
extent on both sides. There was complete loss of power in all the
intrinsic and extrinsic muscles except the deltoid, biceps, supinator
longus, and subscapularis, the elbows being flexed, the humeri
abducted but not rotated outwards, and the hands thus lying across
the chest. The pectoralis major, latissimus dorsi, and tores major
had ceased to act at all. The region of anaesthesia in the upper
limbs had also extended. The temperature was normal. Tho
optic discs were examined, but presented no abnormality. Pria-
pism was less marked.

On the 4th day tho urine contained a little pus (and therefore
albumin), but no sugar. Its reaction was acid.
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On the 5th day the optic discs appeared less well defined than
before, and presented some venous congestion.

On the 6th day the subscapularis and supinator longus could
no longer be felt to contract, but the arms usually occupied the
same position as before, although when in sleep they were often
raised above the shoulder. He complained much of a sense of
pain and stiffness in the upper limbs. The optic discs were
more vascular and were hazy—an observation which was con-
firmed by Dr. Little, who held, however, that there was no
neuritis.

For a few days sensation in the trunk and lower limbs now
seemed to improve slightly, but the patient became weaker, and
was frequently somewhat delirious at night. The temperature
ranged from 100° to 101°.

On the 11th day were noted tremors of the paralysed muscles of
the upper limbs. A day later, the biceps and deltoid of the loft
side were found to be beginning to fail, and the humerus was less
abducted than formerly. At the same time sensation began to
fail again.

On the 14th day the left upper limb was absolutely paralysed
and anaesthetic, the humerus lying by the side, the elbow at a
right angle. On the right side, the only muscle whose contraction
could be felt was the deltoid. Ecchymoses had formed on the
heels, toes, and malleoli.

On the 15th day we found distinct knee-jerk on the right side,
and on the left a slight reaction could be obtained.

A few days later he developed symptoms of pneumonia, and
the condition of the urine became much worse. The temperature,
which had regained the normal on the 15th day, again began to riso
on the 23rd, keeping a fairly steady upward curve until April 23rd
or the 29th day, when it reached 104° • 6 and when he died. During
the latter period there appeared to be more wasting in the fore-arms
and hands than in other parts of the body. On several occasions
also it was noted that the passage of the catheter was accompanied
by reflex contractions of the sartorii.

At the post-mortem examination I found some separation of tho
fifth and sixth cervical spinous processes. The body of the fifth
was partially dislocated forward, forming a very obtuse angle
with that of the sixth, and overlapping the latter by about a line
anteriorly. The articular processes were in situ. The upper and
anterior margin of the body of the sixth vertebra was very slightly
ground off, but there was no other fracture. The vertebral canal
contained a little dark clotted blood at the seat of the lesion. Tho
cord was hero partially compressed and very pale, all distinction
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of white and grey matter being lost. This condition extended
only for about an inch, and elsewhere the cord presented no
macroscopic abnormality. No nerve-roots were crushed. There
wero marked cystitis and double pneumonia.

We have here another case in which the cord was crushed
below the fifth cervical nerve-roots, the muscles supplied by
which retained their power for a considerable time. The case
differs, however, from those previously mentioned in that the
annihilation of the functions of the cord below the lesion was
less complete, as evidenced by the fact that anaesthesia was not
absolute, and that some power remained in muscles supplied
by nerve-roots distinctly below the lesion. The examination
on the second day showed that, whereas the deltoid, flexors of
the elbow, and supinators retained a very fair amount of power,
the other muscles of the limb were paralysed to a varying
extent. Thus nest in order of power we find the subscapu-
laris, pectoralis major, latissimus dorsi, and pronators, between
which no distinction could be drawn, and we find also that the
extensors of the wrist still retained a little power. On the
fourth day we have paralysis of all the muscles of the plexus,
except the '' fifth-root group " and the subscapularis, the latter
preventing the outward rotation of the humerus seen in Fig. 1.
Again, on the sixth day the subscapularis and supinator fail,
and later the deltoid and biceps begin to do so. As there can
be little doubt that myelitis was extending upwards, we may
then venture to give the following as the order in which the
muscles here lost their power :—

1. Intrinsic muscles of the hand and flexors of the wrist
immediately completely paralysed.

2. Extensors of wrist almost absolutely paralysed on second
day.

3. Pectoralis major, latissimus dorsi, teres major and pro-
nators following before fourth day.

4. Subscapularis retaining power longer than any muscles
but those of the fifth root.

This, it will be found, is in accordance with our scheme of
localisation. The position of the pronators is the most doubtful
and the most difficult to ascertain, as the action of gravity
interferes with the attitude of the hand.
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CASE 5.—E. M., a woman aged 43, was admitted under the care
of Mr. Heath on December 5, 1886, on which day about 11 A.M.,
while intoxicated, she had fallen down some twelve steps. She
was unconscious for a short time, and on recovering found that
she had lost all power of moving the trunk and limbs. She was
brought to the Infirmary, and admitted about 5.15 P.M. on the day
of the accident.

On admission she was very drunk, and a complete examination
was impossible. The skin felt very cold and the temperature waH
below 95°, but no thermometer of a lower register was at hand.
The puke could not be felt. There was no sweating. She
complained of pain behind the shoulders, but there was no
deformity. The lower extremities and the left upper limb were
entirely paralysed and flaccid. On the right side the shoulder
was abducted, and rotated somewhat outwards, the elbow being
flexed, the wrist and fingers flaccid. Eespiration was diaphrag-
matic. The urine was retained. Owing to the vagueness of her
answers, it was impossible to ascertain the limits of sensation, but
there appeared to be anaesthesia below the neck. The right pupil
was small, distorted, and immovable, owing to posterior synechia;
the left was small, but responded both to light and accommodation.

When I examined her on the following morning, the patient
presented the following symptoms :—The intellect was perfectly
clear, and she gave rationally the above account of her accident.
She presented total par.ilysis of all four limbs, and of the muscles
of the chest and abdomen. She had no power of moving even the
shoulders; the pectoralis major, deltoid, supra—and infra-spinati,
latissimus dorsi and subscapularis, as well as the intrinsic muscles
of the upper limb, being quite flaccid on both sides. There was
no tendency to rotation of the humerus, either inwards or out-
wards. On the other hand, the trapezii and stemo-mastoids wore
tonically contracted.

Respiration was diaphragmatic, but there was no indication ot
dyspnoea and the voice was not weak. The urine had to bo
drawn off by means of the catheter, and the bowels had not been
moved since admission. The palpebral fissures were smaller than
usual, giving the patient a sleepy look. The right pupil was as
described above, but presented some further contraction on
exposure to light.

She complained of a sense of coldness in the left foot, and of
great pain in the back of the neck and across the shoulders, pain
being aggravated by any movement of the shoulder-joint. Tho
limbs and trunk woro completely anaesthetic, there being a band
of hypcrtcsthesia about 1^ in. wide, extending in thu form of a
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collar across the chest, at tho level of the second rib and outwards
across the deltoids. Above this line sensation was normal. It was
not possible accurately to define the limit of sensibility behind,
owing to the necessary movement causing great pain in the neck.
The firmly-contracted trapozius was painful on deep pressure. No
pain was caused by very firm downward pressure on the head.

The plantar reflex was exaggerated, the slightest tickling of tho
sole causing clonic spasms of tho limb. No abdominal cutaneous
reflex could be obtained. There was no knoe-jcrk, nor ankle clonus.

Tho cranial nerves presented no abnormality. Tho right optic
disc was normal; the left could not be seen, owing to a com-
mencing cataract.

The pulwe was very irregular and intermittent, full, soft, and
boating at the rate of 108 per' minute. The heart-sounds
presented nothing abnormal.

Eespirations were 28, and, as above stated, entirely diaphrag-
matic, the chest falling in on inspiration.

The temperature at 8 A.M. was 95°. When examined at 12
midday, it was 97°, but the skin of the trunk and lower limbs
felt warm and somewhat dry.

Tho urine had a sp. gr. of 1024, was acid, contained no
albumin and no deposit. I t decolorised but did not precipitate
Fehling's solution. The nurse informed me that she had a
considerable amount of vaginal discharge.

The temperature now began to rise steadily, and at 9 P.M. on
the same day reached 101°-6, at which it remained until death,
which occurred at about 3 A.M. on the following day; that is,
about forty hours after the accident. Death resulted from failure
of respiration.

At the post-mortem examination we found a separation between
the laminas of the sixth and seventh cervical vertebra;, tho wholo
of the ligaments uniting the arches being ruptured/and the sixth
vertebra being carried forwards and to the right.

On removing these bones, the left inferior articular process
of the sixth was fouud completely slipped off the superior articular
process of the seventh, whereas on the right side it was only
displaced forwards to a slight extent. There was an obliquely
horizontal fracture across the body of the seventh vertebra,
extending from the cartilage above it forwards and slightly down-
wards to a line about one-fourth of the distance from its upper
to its lower border in front. The piece of bone thus separated
was, with its adjacent cartilage and the sixth vertebra, carried
forwards and somewhat downwards and to the left. On oponing
tho spinal canal there was found oxtravasatod and coagulated
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blood external to the dura mater, throughout the entire distance
from the sixth cervical vertebra to the inferior termination of the
canal. Tho disc between the sixth and seventh vertebrae had
been crushed and forced backwards into the spinal canal, forming
a shelf about one line in depth, which pressed upon the cord, but
not to any great extent. The roots of the seventh nerves were
crushed. The cord was slightly pressed upon by the above-
mentioned projecting disc, but was nowhere compressed by the
extra-meningeal hEemorrhage. Opposite the body of the sixth
vertebra it presented a slight swelling of a bluish colour. Its
substance was here quite diffluent and full of dark blood. From
this point upwards as high as the origin of the third cervical
nerves the cord was very soft and contained small extravasations
of blood, mainly hi the grey matter and especially in the central
canal, these appearances being less marked at the upper than at
the lower part. Below the sixth intervertebral disc the cord was
slightly softened for the distance of about an inch. Elsewhere it
presented no abnormality to the naked eye. The membranes
appeared normal.

In this case no information of value is to be obtained as to
the question of localisation, as the haemorrhage into the cord
extended so rapidly as almost at once to paralyse the-cord
throughout the entire brachial region, although the lesion of
the vertebrae was at the level of origin of the seventh cervical
nerves. For a short time after admission the fifth cervical
nerve on the right side escaped, but this also was destroyed
before I saw this patient, and death soon followed. The
extensive central haemorrhage found at the post-mortem amply
explains this condition, and the case is chiefly of use as
showing that the damage to the cord may almost at once
extend to a considerable distance above the vertebral lesion.

CASE 6.---W. T., aged 28, a labourer, was admitted to the
Manchester Eoyal Infirmary under the care of Mr. Wright on
October 3, 1887. Two days previously he had been at work on
the roof of a house when he fell, a distance of about eleven feet, on
to a block of stone, which struck him just between the shoulder
blades, causing his head to be jerked backwards. He felt very
sick, but did not vomit, and then found that he was powerless to
move either his arms or his egs. During the two days which he
remained at home no change can be ascertained to have occurred
in his condition.
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On admission he presented complete paralysis of the lower limbs
and of the abdominal and chest muscles, respiration being diaphrag
matic. There was pain over the first dorsal vertebra, but not
elsewhere, and no pain on pressing down the head. The upper
limbs lay across the chest with the elbows close to the sides, and
flexed, as in the annexed sketch made by the house surgeon, Mr.
Bannister. On both sides the flexors of the wrist and fingers
were completely paralysed, and he had no power of grasping; on
the right side the extensors were also paralysed, but on the left
they retained very slight power. The triceps, pectoral muscles,
and serratus magnus could be felt to contract, but only veiy
feebly so. The deltoid, biceps, and supinator longus were more
powerful than any of the other muscles of the upper limb, but
were also weak.

FIG. 2.—Position occupied by the limbs in a case of complete transverse
destruction of the spinal cord immediately below the nuclei for the sub-
scapularis muscles.

Both palpebral fissures and pupils were small, the right being
more markedly so.

The bladder was much distended, and on passing a catheter a
large amount of normal urine was drawn off.

Anaesthesia was very clearly defined, extending over the lower
limbs and up the trunk as high as the level of the second rib in
front, and to the second dorsal spine and spines of the scapulas
behind. In the upper limbs it affected the little finger and inner
part of the ring finger, the ulnar side of the hand and fore-arm,
and the intero-posterior aspect of the arm, as shown in the sketch
by the shaded portions. The rest of the upper limbs was
sensitive. About the boundary of the anesthetic region was
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slight hyper-assthosia. more marked in some parts than in
others.

The penis was semi-erect. Temperature 99° • 8.
On the following day the urine was ammoniacal and of a deep

purple colour from admixture of hlood. This profuse haemorrhage
from the kidneys continued for some days, during which time the
patient hecarne gradually weaker, but it ceased on October 10 ;
the urine continuing, however, to be ammoniacal and containing
some pus.

On October 9 the temperature in the right auditory meatus
was found to bo I01o-2 as against 100°"2 on the left side, this
observation coinciding with the more marked diminution of the
pupil and palpebral fissure on that side due to paralysis of tho
sympathetic.

On October 20 the optic discs were examined and found to be
normal.

On October 25 the right upper limb lay across the chest with
the elbow to the side, the hand on the upper part of the sternum
and the fingers closed. When asked to move it, he only rotated
the humerus outwards, but as he did so the supra-epinatus and
infra-spinatus could be felt to contract. He still had very feeble
power of flexing the elbow, but neither the biceps nor the
siipinator longus could be felt to contract, and he had lost all
power over the deltoid. All the other muscles of the limbs were
absolutely paralysed. On the left side the elbow was also CIORO to
the chest, but less flexed, so that the fore-arm was at about a right
angle to the upper arm. On this side he had more power of
flexing the elbow, and could abduct and adduct as well as rotate
tho shoulder, there being obvious contraction of the deltoid, biceps,
and spinati muscles ; he had also some feeble power of pronation.
On breathing deeply, the levatores angulorum scapularum could be
felt to contract. Anaesthesia was the same as on admission.

On November 1 he was much weaker, and it was found almost
impossible to draw off the urine, owing to the catheter continually
becoming blocked with stringy mucus. Severe vomiting and
hiccough also troubled him greatly, and he refused all food. The
temperature throughout the case varied from about 99° to 101°.
On November 3 he died exhausted, having survived the accident
thirty-one days.

At the post-mortem examination, •which was made by Dr. Harris,
there was found rupture of the disc between the last cervical and
first dorsal vertebra?, the parts being very movable, but no
fracture was detected, and when the post mortem was made there
•was no displacement. The cord opposite the seat of injury was
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almost diffluent, and softening extended throughout almost the
whole cervical region and for some short distance below, but the
remainder of the dorsal region showed no abnormality. The
bladder was much enlarged and its walls thickened: on its mucous
membrane was a thick, gritty, yellowish-white membrane which
came away as a distinct cast: the peritoneal surface was inflamed
and adherent to the sigmoid flexure and omentum. In the
kidneys were the appearances of acute parenchymatous nephritis.

Here as in Case 5 we find the cord lesion extending above
the site of dislocation before the patient came under observa-
tion. As before we have the deltoid, biceps, and supinator
fairly powerful. The triceps, pectoral muscles and serratus
magnus also retain a fair amount of power and appear to have
received about an equal amount of damage, justifying their
being placed near together in our table. It will be noticed
that the attitude shown in Fig. 2 differs from that of Fig. 1
owing to the- adductors (chiefly the pectoralis and subscapu-
laris) of the humerus not being completely paralysed. At the
end of three weeks we find on the left side that the supra-
spinatus, infra-spinatus, deltoid, biceps, and apparently the
supinators, subscapularis, and pronators, retain some power;
whereas on the right side the supra-spinatus and infra-
spinatus are the most powerful muscles, the flexors of the
elbow are not quite paralysed, but all the other muscles aro.
Again therefore the arrangement confirms that of our table,
as far as it goes.

CASE 7.—J. S. was admitted to the Manchester Eoyftl Infirmary
under the care of Dr. Morgan on February 5,1887, about 10.30 P.M.
He had been at a place of entertainment, and when drunk had
fallen from a gallery some ten feet in height, but it was not known
how he struck himself.

It was nearly twenty-four hours after his admission when 1
first saw him, and when he presented the following symptoms.
The lower limbs and trunk were completely paralysed, respiration
being diaphragmatic. In the upper limbs movements were normal,
with the following exceptions :—The intrinsic muscles of the hand
were paralysed, the fingers being flexed and their extensors (i.e. the
interossei and extensor communis digitorum) paralysed, whilst
any attempt to completely flex them caused slight extension of tho
wrist; the wrist was hold straight, both its extensors and flexors,
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but especially the former, being weak. On the right side the exten-
sors of the wrist were weaker than on the left. The lower limbs
were completely anassthetic, as was the trunk, as high as the level
of the second rib in front and the spine of the seventh cervical
vertebra behind. In the upper limbs anaesthesia was limited with
the greatest accuracy to the inner side of the arm and fore-arm,
being bounded in front by a line running vertically from the
front of the deltoid opposite the second rib, down the centre of
the biceps and fore-arm to the middle of the wrist; similarly
behind the boundary was a vertical line down the centre of the
tricops and back of the fore-arm to the centre of the wrist. In
the hand tho limiting line sloped, both in front and behind, from
the centre of the wrist to the cleft between the fourth and fifth
fingers, the little finger being completely anaesthetic, the others
not at all so. There was no trace of hyperassthesia.

Superficial and tendon reflexes were all absent. Both palpebral
fissures were distinctly small, as were the pupils, the latter being
as usual especially notable in a dim light. The pupils moreover
did not dilate on pinching the skin, but they showed very marked
dilatation on each inspiration. Urine was retained. Penis turgid.
Pulse 80. Temperature, mane 98°, vesp. 99°-4.

On the following morning some additional points were noted.
He had no pain anywhere, but a sense of stiffness in the upper
limbs, and no pain was caused by pressing or jerking the head
downwards. The seventh cervical spine was thought to be rather
more prominent than usual. Eespiration was mainly diaphrag-
matic, aided by the upper scapular and sterno-mastoid muscles; it
was at the rate of 24 per minute, without sense of dyspnoea.
He had slight cough and some collection of mucus in the bron-
chial tubes. The plantar, cremasteric, abdominal, and epigastric
reflexes, and the tendon reactions at the ankle, knee, wrist, and
elbow, were all absent. The urine had a specific gravity of
1028, and contained neither sugar nor albumin. The pulse was
80, soft, and feeble; sphygmographic tracings taken from the
radial and the posterior tibial arteries showed nothing unusual in
either vessel. The heart was normal. The skin felt dry and
warm, although at this time the axillary temperature was only
90°-2, but the chest and abdomen were moister than the limbs; it
presented no redness or trace of soreness.

On the third day he felt himself better, especially as he had
been troubled with vomiting, which had now ceased. He had less
power over the fingers and wrist, the former being flexed, tho
latter extended and without power of movement. Dr. J. C.
Thresh, the clinical clerk, called my attention to tho fact, that tho



INDICATED BY SPINAL INJURIES. 807

urine (speoifio gravity, 1031) completely solidified with cold nitric
acid, owing to the formation of nitrate of urea. The optic discs
were a little hazy, with slight venous congestion.

On February 10 the discs were again examined-by Dr. Little,
who noted these symptoms, but could not definitely assert that
there was any pathological change.

These symptoms continued without any important change until
February 11, when it was found that on both sides the patient
had lost the power of rotating the wrist or extending the elbow,
and that no contraction could be felt in the triceps muscles. The
fingers and wrists were flexed and completely paralysed. The
pectoralis major on either side was also now paralysed, but the
latissimus dorsi, teres major, and snbscapularis could be felt to
contract on voluntary effort. The position of rest of the upper
limbs was now as follows: the humerus abduoted almost to a right
angle and slightly rotated inwards, the elbows fully flexed, the
wrists prone, and the hands across the chest with the wrists and
fingers flexed. Breathing was much more difficult: he presented
some signs of mental hebetude: the whole body was dry and. qold,
and the urine was still loaded with urea and phosphates (in
solution), having a speoific gravity of 1033.

On February 12 the subscapularis could no longer be felt to
contract and the latissimi were weaker, the teres major remaining
about the same as the day before. The humerus was now rotated
externally more readily than internally, thus differing from the
condition of the previous day, and it was a greater effort to bring,
it towards the side. A little redness had appeared over the
malleoli.

On February 14 we found that the boundary of absolute
anaesthesia was the same as on admission, but some dulne'ss of
sensation extended further outwards on the limb. The motor
symptoms were unaltered. The optio discs had become more
indistinct than before, and the small vessels were quite obscured.
Dr. Little concluded that there was now definite optic neuritis.

During the evening of this day he vomited freely both food and
" coffee grounds," and, becoming delirious, died about 1 A.M. on
February 15, the tenth day after the acoident.

The annexed chart (fig. 3, p. 308) shows the very low temperature
which was maintained during the entire duration of the case.

At the post-mortem examination we found a fracturo of the
anterior and upper part of the body of the first dorsal vertebra,
a small portion being clipped off and remaining attached to the
disc above. The seventh cervical vertebra was displaced forwards,
carrying with it the abovc-inontionod fragment of the first dorsal.
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Fin. 3.—Temperature-Chart in a case of Fracture-dislocation of the 7th cervical vertebra. The temperatures were registcred every two
hours. At 12 2, 4, &c, till Feb. 9th; at 1, 3, 5, &o till the 13th at noon; then every three hours. TUe thennomoUir was carefully
tested and found to be practically correct.
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The laminae of these two vertebrae were separated behind, the
articular processes of the first dorsal being posterior instead of
anterior to their fellows of the seventh cervical. On opening the
spinal canal there was found slight effusion of blood between tho
bone and the dura mater. The cord was compressed at the level
of the first dorsal vertebra, and softened for a short distance above
and below the site of compression, its centre being occupied by an

Flo. 4.—Sketch of section of spine in case of J. S., showing fracture-dislocation
of the seventh cervical vertebra. From a drawing made by Mr. Moss.

effusion of blood reaching as high as the fifth cervical nerve-roots,
in the form of. a narrow cone. There was some suppuration
between the anterior common ligament of the spine and the fifth
cervical vertebra, and at exactly corresponding points on the
anterior and posterior walls of the pharynx.

This interesting case is in itself almost a demonstration of
the greater part of our table. The injury was quite at the
lower part of the dorsal region, and must have at first involved
the first dorsal nerves and probably to some extent the eighth
cervical. At first we had paralysis only of the intrinsic
muscles of the hand and the interossei, but thereafter from day
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today we were able to watch the extension upwards of myelitis,
picking out muscle by muscle in the following order:—

1. The flexors of the wrist.
2. The extensors of the wrist.
3. The triceps and pectoralis major.
4. The latissimus dorsi.
5. The teres major and subscapularis.
6. The deltoids, flexors of the elbow, and external rotators

of the humerus (supra- and infra-spinati) remained until the
last.

The dates at which the pronators failed could not be
obtained.

We have thus described the seven cases of fracture-disloca-
tion, and shown that in the main they strongly support
the above arrangement. It is true that there are some
discrepancies, and some gaps still remain to be filled up,
notably with respect to the exact position of the nuclei for the
pronator muscles; but considering the nature of the investi-
gation, I think I may fairly claim to have established the
original proposition, and may hope with some further
observations to verify and complete the results. At least I
hope that I have demonstrated the interest and importance
of a more exact study of the distribution of paralysis in these
cases than is usually attempted—an importance which may be
especially great in medico-legal investigations.

In order to illustrate the way in which such observations
may assist us to arrive at an exact diagnosis, I now bring
forward three more complicated cases of spinal injury, and
shall endeavour in each to exactly localise the lesion. A
similar accurate study would probably clear up and establish
a definite diagnosis in many cases now vaguely described as
" concussion of the spine."

CASE 8.—-R. M., aged 55, a labourer, was admitted to the Man-
chester Eoyal Infirmary on April 27, 1887, under the care of
Mr. Whitehead. He informed us that about 10 or 11 P.M. on the
previous night he had fallen head first down some seven or eight
steps, and being able to move his right arm only he had lain as he
fell until 7 A.M. I only heard of his admission about 12.30 P.M..
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and then went .at once to the ward with Mr. Collier, then resident
surgical officer, and Mr. Iddon, house surgeon. When I first saw
him, he presented the following symptoms:—The lower limbs
appeared to be quite paralysed, but were said to have been moved
once or twice during the morning: they were very rigid: the knee-
jerk was much exaggerated and the cremasteric reflexes absent.
On respiration costal movement was slight, but quite distinct.

Anaesthesia extended as high on the trunk us the second rib, but
was not quite complete. Urine waa retained; the penis was not
turgid. The condition of the upper limbs was more interesting.
The left was completely paralysed, lying by the side. The right
was abducted at the shoulder, with the elbow strongly flexed, so
that the hand lay above the shoulder with the palm backwards,
i.e. in a state of pronation, the fingers and wrist being slightly
•flexed. He could raise and rotate the shoulders, but had no other
power of movement in tho limb. There was almost absolute
anaesthesia of the left upper limb, but on the right side loss of
sensation was limited to the ulnar aspect. Both pupils and pal-
pebral fissures were small. The head and neck were markedly
bent to the right, and there was a distinctly felt lateral curvature
in the cervical region. We now decided that there was a dis-
location, probably unilateral, of the fifth cervical vertebra, and^
having in view the otherwise inevitably fatal termination of the
case, we resolved to attempt immediate reduction. This we did as
follows :—The man lying on his back in bed, I seized him firmly by
the shoulders, and Mr. Collier grasping the head drew it upwards
and to the right, then bringing it over to the left. A slight snap was
felt, and the position of the head was rendered more nearly but not
yet quite straight. The same proceeding being repeated, a snap
waa again felt, and the head came into its normal position. At
this moment the patient, screamed with pain shooting down the
left arm, and situated, he said, on the side further from the
thumb. This pain lasted only for a minute or two. Within half
a minute he flexed his left elbow, and then again kept the limb
quiet with the elbow flexed. On again examining the sensation
of the limbs, we found partial sensibility on the ulnar side of the
left upper, but the radial side remained as before. At the same
time we noticed a diffused swelling in the left posterior triangle
of the neck, due doubtless to effused blood, which swelling
I may at once say gradually subsided without giving any trouble.
Finally we adapted to the. patient's head, neck, and shoulders, a
felt casing, designed to keep them in position. No deformity of
the head or neck remained. At 2 P.M., an hour later, the patient
could move the elbow and fingers on the left side, and sensation
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as before was absent only 011 the radial side of the limb. There
was no marked rise of temperature either now or at any sub-
sequent period in the course of the case.

On the following day he passed a large amount of urine, the
catheter was not required, and from this time he had no trouble
with retention. The urine had a sp. gr. of 1024, contained some
albumin and decolorised Fehling's solution, without giving a
precipitate; it also contained a large quantity of water. The
penis was slightly turgid. There was a good deal of pain between
the shoulders, but no other change.

On April 29, the third day, sensation was better in the lower
limbs, especially on the right side and in the anaesthetic portions of
the upper limbs. The patellar reflexes were less exaggerated than
before, and the limbs less rigid. The right upper limb presented
as before the symptoms of complete paralysis of motion and sensation
below the fifth cervical root: on the left side he could feebly flex and

FIG. 5.-—From a photograph of J. M., showing the position of the limbs in a case
when the fifth cervical nerve-root was injured on the left side only.

extend the fingers, wrist, and elbow; could pronate and supinate
the wrist, and slightly abduct and adduct the humerus. The urine
was now alkaline, very foetid, and contained pus. The optic discs
were normal. A day later he had more power in the left upper limb,
and anaesthesia was nowhere complete. On the right side he had
gained some power of pronating and of extending the elbow, and
the area of sensation was extending. The knee-jerks were about
normal; the contraction of the pupils less marked. The above
figure, taken from a photograph obtained for me by Mr. Sidley at
about this period, shows the position of the limbs and indicater
the marked abduction of the humerus and flexion of the elbow
on the right side. From this point it is unnecessary to give a
daily record, but it will suffice to note merely a few of the more
important changes. Sensation very gradually returned through-
out, being preceded, as I have elsewhere shown to be usual, by a
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sense of tingling: the right lower limb recovered more quickly
than the left. Traces of albumin and sugar disappeared from
the urine within a week, as did the pus and the alkaline
reaction. For a long time he had some difficulty in passing
urine, but this gradually passed off. The pupils returned to their
normal condition in about a month, the right doing so more
slowly, and even as lately as January 1888 being smaller than
the left. For some days he had troublesome bronchitis and all
movement of the ribs ceased, but it then gradually returned.

The knee-jerks had quite disappeared by May 5, and after
being absent for some time gradually returned in the exaggerated
form of spastic paralysis which they still retain, and which is more
marked on the right side. On May 11 he could move the lower
limbs about the bed very fairly. In about six months he could
walk. In the upper limbs return of power was equally slow, and
there is here a good deal of atrophy: this atrophy and weakness
is still more marked on the right than on the left side. In August
all the muscles of the left upper limb reacted well to the faradic
current, whereas on the right side only the deltoid, biceps, and
supinator longus did so; so that on that side the " reaction of
degeneration " was present below the fifth root.

After the accident the nails of both hands grew in a markedly
clubbed form.

Since he left the Infirmary this man has frequently reported
himself to me, and in April last I showed him to the Clinical
Society of Manchester. When I last saw him in August 1888, he
could walk well, but with the usual spastic gait, and complained
only of a feeling of numbness in the lower limbs, abdomen, and
hands. His upper limbs are a good deal wasted, but he has very
fair power throughout and can do light work, having no difficulty
even in such movements as are required for lacing his boots or
buttoning his clothes."

In this case I think we may assume that there was a disloca-
tion of the fifth cervical vertebra, and that the traction thereby
caused had injured the left fifth cervical nerve-roots at their
point of exit from the cord, so as to completely paralyse sensa-
tion and motion in the distribution of that nerve, but that the
cord itself was not completely crushed, having only sustained
haemorrhages into its substance. As shown in the accom-
panying diagram, the right fifth cervical root would escape—
the cord below this region would be affected by partial
destruction (which was worse on the right side)—and the left
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fifth cervical root would, aa already stated, be torn or greatly
stretched, so as to suffer temporary total paralysis.

Hence we have on the right side partial paralysis of the upper
limb; the deltoid, biceps, and supinator longus escaping, as in
the other reported cases, where the fifth root was spared, with
retention of sensation on the outer side of the limb supplied by
the same nerve. All sensation is lost below this root, and the
pupil is smaller in size upon this side of the body than on the
other, coinciding with the greater amount of damage done to
the cord. This is also evidenced by the fact, that anaesthesia
was more marked on the left than on the right side in the
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WIG. 6.—Diagram of the supposed nature of the lesion in his case of J . M. The
loft fifth cervical nerve-root should appear as crushed or stretched rather
than completely torn.

lower part of the body, and that the paralysis of those muscles
of the upper limb supplied from below the fifth root was moro
marked on the right side, as was the exaggeration of the
tendon reflexes. On the right side also we have the " reaction
of degeneration " resulting, whereas on the left it did not do so.
On the left side, on the other hand, we find that the movements
of reduction, by irritating the overstretched fifth root, caused
ths muscles supplied by it to contract, but that both motor and
sensory paralysis were more marked and enduring in this root
than elsewhere. The urinary and other symptoms are com-
patible with a partial destruction of the cord, and passed off to
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a large extent as repair ensued. One point in this case is quite
unusual; namely, the early exaggeration of the patellar reflexes,
these being as a rule lost, owing to the shock of the injury:
whereas here, doubtless from irritation, they were increased;*
as the irritation subsided, they disappeared, and then at a
later stage reappeared in an exaggerated form—the usual
result of an old transverse lesion.

CASE 9.—J. A., a bailiff, aged 62, attended as an out-patient under
the care of Dr. Eoss in December 1886. He told us that nine weeks
previously he had fallen about nine or ten feet, and, having held
out his arms to save himself, came down upon his hands. For a
second or two he felt nothing, but had then great pain shooting
down the arms to the hands. His upper limbs then became
spasmodically contracted, so that he held them with the elbows
to the side and flexed, the hands in front and partially flexed
—i.e. as he showed us, very much in the position in which a book
might be held for reading. This pain and spasm lasted for about
a fortnight, since which time they have been gradually abating,
and he has now not much pain, and can move the arms in all
directions, although they are still weak and he cannot well throw
them backwards. The legs have felt cold and weak since the
accident.

On examination we found hypersesthesia, cutaneous and deep,
extending across the shoulders from the sixth or seventh cervical
spine to the acromia. He had no spinal pain or tenderness. On
carrying the arms backwards there was pain which prevented his
dressing himself. He had no trace of anaesthesia. Over the
hypersesthetic region was a slight herpetic eruption. All the arm
muscles appeared to be fairly strong. The lower limbs felt weak,
and the knee-jerk was increased. There were no urinary troubles.

On Jan. 18, 1887, I again examined him more carefully. No
local signs of spinal injury could be detected. The hyperrasthetic
band was limited above at the level of the sixth cervical vertebra,
and below by a line some two inches lower; it extended outwards
on either side for about three inches—i.e. as far as the distribution
of the descending branches of the cervical plexus. Its boundaries
were well marked, especially above. The herpetio eruption had
almost, disappeared, and seemed on inquiry to have been due to
previous friction with acetic acid.

On examining the upper limbs, I found fair power in the deltoid,
flexors, and extensor of the fore-arm and extensors of the wrist,

1 Since writing tho nbove, I have seen this result in another case.
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but marked weakness of the flexors of the wrist and fingers. In
the pectorals I found nothing unusual. The hands and flexors of
the wrists were wasted to some extent. All the muscles of
the upper limbs reacted to moderately powerful faradic currents.
No sensory change could be made out in the upper limbs, and there
was no jerk on striking the triceps or wrist tendons.

Examined in a dim light, the pupils were distinctly smaller than
normal, the change being more marked on the right side, and they
did not dilate on pinching the neck. The legs were well developed
and presented no paralysis, anesthesia, or trophic lesions; but the
patient stated that they did not feel so strong as formerly, and were
always either cold or burning hot. The knee-jerks were markedly
exaggerated; the superficial reflexes absent. The bladder and
rectum presented no abnormality.

I saw this patient again on April 28, 1888, when he told me that
he was much better than he had been at first; but that he still
felt some feebleness of the arms and legs, and that occasionally the
legs felt hot or cold. He presented no very marked signs of injury,
being quite able to go about and perform all the usual movements
with his arms and legs. The knee-jerks were slightly, but not
much exaggerated. He had no pain, anaesthesia, hypereesthesia, or
cutaneous eruption. His arms were, however, not very strong, and
there was obvious wasting of both triceps muscles. On making an
electrical examination, I found that the flexors of the fore-arm
required a more powerful faradic current than the biceps, the
extensors a still more powerful one, and the triceps could only be
got to contract with very strong faradic currents. With the
galvanio current cathodal closure in every muscle caused contrac-
tions more readily than anodal closure, so that there was no re-
action of degeneration. Hence the muscles of the upper limb were
partially atrophied and insensitive to the faradio current in varying
degrees, the most healthy being the biceps, then the flexors of
the wrist, then the extensors, and the weakest being the triceps.

This case would appear to be one of haemorrhage into the
central grey matter of the spinal cord, most severe in the
neighbourhood of the triceps nuclei, but extending into those
immediately above and below. The flexors of the elbow and
the shoulder muscles escaped entirely the destroying lesion,
but irritation caused the spasmodic position of the limbs
which he at first experienced; similarly there was spasm
below the region of the haemorrhage causing flexion of the
fingers and wrist. Hence we appear to have had spasm in
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two groups of muscles—those above and those below the
lesion: viz. above, the biceps, subscapularis, teres major,
latissimus dorsi, and pectoralis major; and below, the flexors of
the hand and fingers. At the stage when we saw the man
this spasm had passed away: the paralytic symptoms were
most prominent, affecting the central group of muscles—the
triceps, and to a rather less extent the extensors of the
wrist and fingers. The region of hypereesthesia corresponded
to the posterior divisions of the central nerves of the plexus.
It is notable that we found no sensory affection in the dis-
tribution of the anterior divisions, i.e. in the central part
of the arms, but from various observations I am inclined to
believe that the central nerves of the brachial plexus have
a very slight distribution in the upper limbs, and doubtless
the anterior and posterior bands which they do supply would
shortly be vicariously supplied by the upper and lower
branches on either side of them. The diagnosis of a central
haemorrhage rather than a meningeal lesion must rest chiefly
on the rapid onset of the symptoms. Meningitis could not
cause symptoms within a few minutes, and a meningeal
haemorrhage would be less distinctly localised.

CASE • 10.—E. P., aged 25, a porter, was admitted to the Man-
chester Royal Infirmary under Mr. Hardie's care on December 19,
1887. He had on the same day been walking along the streets,
which were slippery, when he fell at full length on his back. He
was seized with a sudden pain at the lower part of the neck, shooting
down the arms, and at once sustained complete loss of power in his
legs and partial loss in his arms. He was never unconscious.

When examined, he presented severe pain in the lower cervical
region, shooting thence down the arms. No deformity of the spine
could be felt, but pressure caused great pain between the fourth
corvical and first dorsal vertebrae, and pain was caused by pressing
the head downwards or moving it from side to side. He lay in
bed with the fore-arms folded across the chest, the elbows being a
little abducted, the hands prone; abduction and adduction of the
humerus were however fairly well performed, as were pronation
and eupination. Flexion of the fore-arm was not much impeded,
but the power of extension was lost. The grasp of his hand was
exceedingly feeble, and extension at the wrist resulted from the
effort. The flexors and extensors of the wrist were weakened,
apparently about equally so. The intrinsic muscles of the hands
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were very feeble. These symptoms were similar on both sides,
except that on the right adduction of the hnmerus was less power-
ful than on the left, whereas the grasp of the hand was stronger
on the right side, and unaccompanied by extension at the wrist.
On the left side sensation was thought to be somewhat deficient in
the fingers, but there was no other affection; on the right side it
was normal.

The chest movements were feeble, and the legs showed great
loss of power, but sensation was unaffected. The knee-jerk and
plantar reflexes were exaggerated on- both sides. He had no
bladder pr rectal troubles; the urine was of sp. gr. 1019, acid, con-
taining a. trace of albumin, but no sugar. Temperature, 100°6;
pulse 80. Ext. ergot, liq. was administered several times.

Two days later the arms were slightly stronger, the legs decidedly
so; the temperature had come down and shortly reached the
normal.

On December 27 extension of the fore-arms was still weak, but
the other movements much better. He had now ceased to retain
the fixed position described above, except at times, and bad hardly
any pain. Improvement was rapid, and on January 16, 1888, he
was discharged cured, except for some slight feebleness of the grasp.

The above account is taken from notes by Mr. Bannister, the
house surgeon, as I only saw the case a few days before his
discharge.

This is another instance of a small hromorrhage, mainly in
the region of the triceps nucleus—a haemorrhage confined to
the anterior cornua, and affecting only the motor apparatus.
It is needless to repeat the evidence, which shows that it was
most severe in the region of the triceps nucleus, but extended
thence to those of the extensors and flexors of the fingers, and
that it was at a rather higher level on the right than on the
left side, so that on the former the abductors of the humerus
were also weakened.

The distribution of the anmsthesia in the above cases is of
interest, equally as great as that of the paralysis. In his most
interesting and important paper in the January number of
' BRAIN,' Dr. Boss has fully demonstrated the nature of the
distribution of the sensory nerves of the upper limb.
Regarding the limb in its embryological position, we find
that it is projected as a bud from the trunk, the hand being
supine and the radius upwards, so that the palmar surface is
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anterior. In this position the bud carries out with it branches
of the anterior primary divisions of the spinal segmental nerves
from the fifth cervical to the first dorsal inclusive; and as
those nerves maintain in the adult their embryological
gelations, we have the several roots supplying the limb in
numerical order from the radial to the ulnar side. Hence,
then, the higher the paralysis extends in the cord through
the brachial region, the further will the anaesthesia extend
from the ulnar towards the radial side. This arrangement is
fully demonstrated by our cases. It is unnecessary to refei
again to the distribution which will be obvious to any one
who takes the trouble to read the reports, and of which I
have already spoken in my previous paper. It will be found
that the fifth root supplies the region overlying the deltoid
muscle, and the outer aspect of the arm and fore-arm as far as
the styloid process of the radius or base of the thumb, and
that the eighth cervical and first dorsal supply the little
finger and inner side of the hand, fore-arm and arm, the
remaining roots providing for the central parts of the limb on
both anterior and posterior aspects. It will, however, be found
that these central roots supply relatively a much less exten-
sive area than those above and below them. Thus in Case 7
the extension of the anaesthesia was much slower than that of
the paralysis, and in Case 9, where the lesion affected the
centre of the bracbial region, this sensory disturbance was at
the end of nine weeks appreciable only in the posterior
primary divisions, there being none in the limbs. In Case 10
there was no definite anaesthesia, owing probably to the
haemorrhage being localised to the anterior cornua; the region
in which, as I have before shown, it is always most marked.

In referring to certain other points in these injuries, I shall
consider the whole of my nineteen cases together.

As regards the nature and seatroi the lesion we have
thirteen cases of fracture or dislocation and six of haemato-
myelia, or possibly five of haBmato-myelia and one of menin-
geal haemorrhage. The dislocations were thus distributed :—

Between the 4th and 5th cervical vert. 3 cases.
„ „ 5th „ 6th „ „ 5 „
„ „ Cth „ 7th „ „ 1 case.
„ „ 7tli „ 1st dorsal 2 cases.
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In Cases 1 and 2 of the present paper there were no
post-mortem examinations, but probably the injury was a
fracture dislocation of the fifth vertebra. All the cases
conform to the usual type, the upper vertebra being dis-
located forwards. In every case which I have examined there
was some fracture accompanying the dislocation; the usual
condition being either a distinct fracture, or a mere " grinding
off " of the anterior superior edge of the lower vertebra. Further
injury to the bones may or may not coexist. In two cases
which I did not see there was said to be no fracture, but the
coincidence is so remarkable that I am inclined to suspect
that the above described " grinding off" was unnoted. This
fracture is often so slight that, unless a vertical section be
made through the affected bones, it can hardly be recognised.
The condition is represented in Fig. IV. where such a section
was made. In Case 4 only the dislocation was lateral,
but as the patient is living the exact condition cannot
be ascertained. In the three cases of hssmato-myelia pre-
viously reported, the haemorrhage was situated about the
level of the fourth or fifth root, the region which, as I then
explained, is most liable to this injury. Of the two cases here
given, both were about the sixth root.

It is not always, easy to ascertain the exact action of the
force which caused the injury, but of the nineteen cases
probably nine or ten were due to over-extension or over-
flexion of the neck (Nos. L, II., VII., 1, 2, 3, 4, 5, 6, and 8).1

In five cases (III., IV., VI., VII., and 10) a blow or crush of
the shoulders was the source of the injury. One (IX.) was
a gunshot wound. One (9) was due to a fall upon the out-
stretched hands, and may therefore probably be regarded as
due to jerking of the head forwards. In two the nature of
the injury was very obscure—they were both falls, and there
was nothing to show how the patient struck himself.

In only five cases was there noted any local deformity, and
in many of the others its absence was remarked upon: in this
connection it must however be remembered that I only saw
these cases after they had been laid flat in bed—a procedure

1 I refer to cases in tlio earlier paper by Roman numerals, to those in tbo
present one by Arabic numerals.
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which frequently reduces the deformity. In dislocations local
pain is invariable. As it is frequently suggested in courts of
justice that a fracture or dislocation of the spine is always
accompanied by pain on pressing downwards upon the head,
I have recently paid particular attention to this point; and m
five cases of dislocation and two of hsemato-myelia where I
sought for it at an early period, I found the symptom once
only, and that in a case of hsemato-myelia (10).

Hypermsthesia is a symptom much less commonly found
than the text-books would lead us to suppose. Among the
fracture dislocations it was only once (Case 5) distinct, and
twice (Cases 4 and 6) was slightly marked ; in all the others
it was absent. In Case IX., a gunshot wound, with probably
meningeal haemorrhage, it was well marked; and in Case 9,
one of hsemato-myelia, it was also very distinct. Hence I can
see no value in this presence or absence of hypersesthesia,
which is commonly stated to be a valuable diagnostic sign
between dislocations and fractures respectively.

The tendon reactions were noted at an early period in eight
cases of fracture-dislocation, in seven of which they were lost
immediately after the accident. In one case (8) they were
markedly exaggerated. The loss of these reactions is attri-
butable to the shock of the accident, and in the exceptional
cases we must assume that the lesion caused great irritation of
those portions of the cord situated below it. In this instance
they shortly disappeared and were lost on the eighth day.
T had wished to ascertain the period at which the knee-jerks
return, but as most of the cases die too early this is not easy
to do. In Case 4 return was between the fourteenth and nine-
teenth days. In Case 8 they were still absent at the end of the
seventh week, but I have no further note until the fifteenth week,
when they were again very much exaggerated, my note at the
time being " the most marked I have ever seen." In Case I.
there was no return at the twenty-first day—the date of
death—and all the other dislocations died before return was
possible. Of the cases of heemato-myelia we find in VII.
exaggeration on the eleventh day, and in all it was found
sooner or later; in Case 10 it was noticed immediately.
Hence then we can lay down no definite rale as to the
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period at which spastic symptoms ensue, having every vari-
ation from an immediate onset to one delayed for over seven
weeks.1

The superficial reflexes are generally lost below the seat of
the lesion. Their condition was noted in eleven cases. In
ten they were lost immediately or very soon after the
accident. In Case 5 (a woman) the plantar reflex was
exaggerated and the abdominal present, but as the patient
only survived for forty hours, we cannot tell how long they
would have remained so: it is notable that this is the only
case with marked hyperasthesia.

Contraction of the pupils and palpebral fissures has been
already sufficiently dwelt upon: all of these cases illustrate
the condition. We have, however, to refer to one point not
hitherto noted, namely, the fact that the pupil does not dilate
on irritating the skin; the physiological explanation is obvious.
I have been anxious to ascertain the condition of the optic
discs, and have examined the majority of the cases, although
I only find notes in four. In those which were examined,
but where there is no note, the condition was certainly
normal. In Cases 6 and 8 no change could be detected—
during periods sufficiently remote from the accident. In none
of the cases which recovered was there any complaint of eye
symptoms, so that even without an ophthalmoscopic examina-
tion we may assume that there was no optic neuritis. In two
cases (4 and 7), however, we find very distinct changes. In
Case 4 the discs were on the fifth day ill defined and showed
venous congestion, but no further changes occurred during
life (twenty-eight days). In Case 6 there was similar hazi-
ness and congestion on the third day, and distinct neuritis on
the ninth; as death occurred on -the tenth, the results could
not be followed. I am aware that on such a point the
ophthalmoscopic observations of anyone but a specialist are
open to doubt, but in the present instances I had the advan-
tage not only of seeing the change occur from the healthy to
the diseased condition, but also of having my conclusions

1 I have since seen two cases: one a fracture-dislocation of the cervical region,
when exaggerated knee-jerks appeared at once and lasted until death; another
of the mid-dorsal region, where there is still no knee-jerk at an interval of six
months after the injury.
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confirmed by Dr. Little, who kindly examined the cases for me
and whose name leaves no room for doubt.

Some interesting vaso-motor effects were observed. In
twelve cases of fracture occurring in males priapism was
present from the first in eleven and persisted until death. In
the twelfth case (8) it only appeared on the second day, and
gradually passed off as recovery ensued. The thirteenth case
of fracture (5) was a woman, and here I was told by the nurse
that there was a profuse vaginal discharge: unfortunately
this information only reached me after death, and I was
unable to examine the nature of the discharge, but it is at
least probable that it was a secretion due to changes
analogous to those causing priapism in the male—a con-
dition I do not remember to have hitherto seen noted in any
spinal affection. On the other hand, of five cases of haemato-
myelia occurring in males, only one presented any turgidity
of the penis, and this one only for about twenty-four hours
(Case VI.). This I believe to be due to the vaso-motor fibres
being situated near the periphery of the cord, and thus
escaping the effects of a central haemorrhage.

The skin was generally dry and warm, even when the
temperature was low, but there are several exceptions to this
condition. In Case 6, where the right cervical sympathetic
was more affected than the left (as indicated by the smaller
size of the pupil), the temperature was one degree higher in
the right than in the left auditory meatus.

Sigh temperatures were only found in four cases (III., IV.,
V., and 2), all of which were fracture dislocations high up in
the brachial region, and all of which died within forty-eight
hours. A remarkably low temperature was observed in
Case 8, where the lesion was between the last cervical and
first dorsal vertebrae.

The pulse was usually slow and almost always full and soft,
and in Case 3 presented a very remarkable respiratory
rhythm; there being an exaggeration of the normally larger
amount of blood expelled by the heart during inspiration.

The wrine was retained in all the cases of fracture dis-
location. In all cases of hsemato-myelia it was either not
retained at all (Till. , 9 and 10) or only for a short period (in

VOL. XI. y
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VI. for one day, in VII. for four days); whereas in IX., a
female with meningeal hemorrhage, there was prolonged
incontinence. This I believe to be due to the same reason
as the turgidity of the penis, viz. to the fibres for the bladder
being peripherally situated. (See above, and also p. 540 of
' BBAIN ' for January 1887.)

Transient glycoswria was noticed in two cases (5 and 8), and
transient aibuminuria in two cases (8 and 10) ; increased density
of the urine with excess of urea in Case 7; increased secretion
of uric acid in Case 8; and of phosphates in several cases.
These results, which are by no means constant and which only
persist during a few days, would appear to point to important
vascular changes in the kidneys.

In Case 6 there was on the second day excessive haematuria,
with fcetor of the urine—an instance, apparently, of acute
trophic lesion of the kidneys. And it is perhaps worth noting
that in this case the bladder had not been relieved for two
days, and that the haematuria came on shortly after the first
use of the catheter.


